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(57) ABSTRACT 


Systems and methods are provided for passive cooling for 
medical imaging probes. A medical imaging probe config- 
ured for use in a medical imaging system may include an 
enhanced shaft that has a thermal body frame disposed 
within a space inside the shaft; and a thermal tube disposed 
within an interior surface of the shaft. The thermal body 
frame may be connected at a cap end of the shaft with a 
transducer. The thermal body frame and the thermal tube 
configured for thermal conduction, and the thermal body 
frame and the thermal tube are arranged such that they are 
in contact with one another to facilitate transfer of heat from 
the transducer to an exterior surface of the shaft. 
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PASSIVE COOLING FOR MEDICAL 
IMAGING PROBES 


FIELD 


[0001] Aspects of the present disclosure relate to medical 
imaging solutions. More specifically, certain embodiments 
relate to methods and systems for passive cooling for med- 
ical imaging probes. 


BACKGROUND 


[0002] Various medical imaging techniques may be used, 
such as in imaging organs and soft tissues in a human body. 
Examples of medical imaging techniques include ultrasound 
imaging, computed tomography (CT) scans, magnetic reso- 
nance imaging (MRI), etc. The manner by which images are 
generated during medical imaging depends on the particular 
technique. 

[0003] For example, ultrasound imaging uses real time, 
non-invasive high frequency sound waves to produce ultra- 
sound images, typically of organs, tissues, objects (e.g., 
fetus) inside the human body. Images produced or generated 
during medical imaging may be two-dimensional (2D), 
three-dimensional (3D), and/or four-dimensional (4D) 
images (essentially real-time/continuous 3D images). Dur- 
ing medical imaging, imaging datasets (including, e.g., 
volumetric imaging datasets during 3D/4D imaging) are 
acquired and used in generating and rendering correspond- 
ing images (e.g., via a display) in real-time. 

[0004] In some instances, medical imaging systems may 
be used to conduct particular types of examination. For 
example, in some instances, medical imaging systems may 
be used in endocavity based examinations. In some 
instances, certain components of medical imaging systems, 
such as the medical imaging probes, may pose certain chal- 
lenges, particularly in conjunction with certain types of 
examinations, and conventional and traditional approaches 
may not sufficiently address or overcome these challenges. 
[0005] Further limitations and disadvantages of conven- 
tional and traditional approaches will become apparent to 
one of skill in the art, through comparison of such systems 
with some aspects of the present disclosure, as set forth in 
the remainder of the present application with reference to 
the drawings. 


BRIEF SUMMARY 


[0006] System and methods are provided for passive cool- 
ing for medical imaging probes, substantially as shown in 
and/or described in connection with at least one of the fig- 
ures, as set forth more completely in the claims. 

[0007] These and other advantages, aspects and novel fea- 
tures of the present disclosure, as well as details of one or 
more illustrated example embodiments thereof, will be more 
fully understood from the following description and 
drawings. 


BRIEF DESCRIPTION OF THE DRAWINGS 


[0008] FIG. 1 is a block diagram illustrating an example 
medical imaging arrangement. 

[0009] FIG. 2 is a plot diagram illustrating comparisons 
between an example medical imaging probe with piezoelec- 
tric (PZT) ceramic transducer and an example medical ima- 
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ging probe with single crystal transducer with respect to 
temperature, mechanical index (MI), and voltage related 
performance. 

[0010] FIGS. 3A-3C are block diagrams illustrating an 
example medical imaging probe with passive cooling. 
[0011] FIG. 4 is a block diagram illustrating an example 
test setup for examining temperature rise in a medical 1ma- 
ging probe with passive cooling. 

[0012] FIGS. 5A and 5B are plot diagrams illustrating 
results of example simulation and real tests for examining 
temperature rise in a medical imaging probe with passive 
cooling. 

[0013] FIGS. 6A and 6B are plot diagrams illustrating 
comparisons between medical imaging probes with and 
without thermal improvement, using both simulation and 
real (measurement-based) tests. 

[0014] FIG. 7 is a plot diagram illustrating net gain in an 
example medical imaging probe with passive cooling. 


DETAILED DESCRIPTION 


[0015] Certain implementations in accordance with the 
present disclosure may be directed to passive cooling for 
medical imaging probes. In particular, the following 
detailed description of certain embodiments will be better 
understood when read in conjunction with the appended 
drawings. To the extent that the figures illustrate diagrams 
of the functional blocks of various embodiments, the func- 
tional blocks are not necessarily indicative of the division 
between hardware circuitry. Thus, for example, one or 
more of the functional blocks (e.g., processors or memories) 
may be implemented in a single piece of hardware (e.g., a 
general purpose signal processor or a block of random 
access memory, hard disk, or the like) or multiple pieces 
of hardware. Similarly, the programs may be stand-alone 
programs, may be incorporated as subroutines in an operat- 
ing system, may be functions in an installed software pack- 
age, and the like. It should be understood that the various 
embodiments are not limited to the arrangements and instru- 
mentality shown in the drawings. It should also be under- 
stood that the embodiments may be combined, or that other 
embodiments may be utilized and that structural, logical and 
electrical changes may be made without departing from the 
scope of the various embodiments. The following detailed 
description is, therefore, not to be taken in a limiting sense, 
and the scope of the present disclosure 15 defined by the 
appended claims and their equivalents. 

[0016] As used herein, an element or step recited in the 
singular and preceded with the word “a” or “an” should be 
understood as not excluding plural of said elements or steps, 
unless such exclusion is explicitly stated. Furthermore, 
references to “an exemplary embodiment,” “various embo- 
diments,” “certain embodiments,” “a representative embo- 
diment,” and the like are not intended to be interpreted as 
excluding the existence of additional embodiments that also 
incorporate the recited features. Moreover, unless explicitly 
stated to the contrary, embodiments “comprising,” “includ- 
ing,” or “having” an element or a plurality of elements hav- 
ing a particular property may include additional elements 
not having that property. 

[0017] Also as used herein, the term “image” broadly 
refers to both viewable images and data representing a view- 
able image. However, many embodiments generate (or are 
configured to generate) at least one viewable image. In addi- 
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tion, as used herein, the phrase “image” as used in the con- 
text of ultrasound imaging is used to refer to an ultrasound 
mode such as B-mode (2D mode), M-mode, three-dimen- 
sional (3D) mode, CF-mode, PW Doppler, CW Doppler, 
MGD, and/or sub-modes of B-mode and/or CF such as 
Shear Wave Elasticity Imaging (SWED, ТУІ, Angio, B- 
flow, BMI, BMI Апр, and in some cases also MM, СМ, 
TVD where the “image” and/or “plane” includes a single 
beam or multiple beams. 

[0018] In addition, as used herein, the phrase “pixel” also 
includes embodiments where the data is represented by a 
“voxel.” Thus, both the terms “pixel” and “voxel” may be 
used interchangeably throughout this document. 

[0019] Furthermore, the term processor or processing unit, 
as used herein, refers to any type of processing unit that can 
carry out the required calculations needed for the various 
embodiments, such as single or multi-core: CPU, Acceler- 
ated Processing Unit (APU), Graphics Board, DSP, FPGA, 
ASIC, or a combination thereof. 

[0020] It should be noted that various embodiments 
described herein that generate or form images may include 
processing for forming images that in some embodiments 
includes beamforming and in other embodiments does not 
include beamforming. For example, an image can be formed 
without beamforming, such as by multiplying the matrix of 
demodulated data by a matrix of coefficients so that the pro- 
duct is the image, and wherein the process does not form any 
“beams”. In addition, forming of images may be performed 
using channel combinations that may originate from more 
than one transmit event (e.g., synthetic aperture techniques). 
[0021] In various embodiments, processing to form 
images is performed in software, firmware, hardware, or a 
combination thereof. The processing may include use of 
beamforming. 

[0022] FIG. 1 is a block diagram illustrating an example 
medical imaging arrangement. Shown in FIG. 1 is an exam- 
ple medical imaging arrangement 100 that comprises one or 
more medical imaging systems 110 and one or more com- 
puting systems 120. The medical imaging arrangement 100 
(including various elements thereof) may be configured to 
support medical imaging and solutions associated therewith. 
[0023] The medical imaging system 110 comprise suitable 
hardware, software, or a combination thereof, for supporting 
medical imaging—that is enabling obtaining data used in 
generating and/or rendering images during medical imaging 
exams. Examples of medical imaging include ultrasound 
imaging, computed tomography (CT) scans, magnetic reso- 
nance imaging (MRI), etc. This may entail capturing of par- 
ticular type of data, in particular manner, which may in turn 
be used in generating data for the images. For example, the 
medical imaging system 110 may be an ultrasound imaging 
system, configured for generating and/or rendering ultra- 
sound images. 

[0024] As shown in FIG. 1, the medical imaging system 
110 may comprise a scanner device 112, which may be por- 
table and movable, and a display/control unit 114. The scan- 
ner device 112 may be configured for generating and/or cap- 
turing particular type of imaging signals (and/or data 
corresponding thereto), such as by being moved over a 
patient’s body (or part thereof), and may comprise suitable 
circuitry for performing and/or supporting such functions. 
The scanner device 112 may be an ultrasound probe, MRI 
scanner, CT scanner, or any suitable imaging device. For 
example, where the medical imaging system 110 is an ultra- 
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sound system, the scanner device 112 may emit ultrasound 
signals and capture echo ultrasound images. 

[0025] The display/control unit 114 may be configured for 
displaying images (e.g., via a screen 116). In some 
instances, the display/control unit 114 may further be con- 
figured for generating the displayed images, at least partly. 
Further, the display/control unit 114 may also support user 
input/output. For example, the display/control unit 114 may 
provide (e.g., via the screen 116), in addition to the images, 
user feedback (e.g., information relating to the system, func- 
tions thereof, settings thereof, etc.). The display/control unit 
114 may also support user input (e.g., via user controls 118), 
such as to allow controlling of the medical imaging. The 
user input may be directed to controlling display of images, 
selecting settings, specifying user preferences, requesting 
feedback, etc. 

[0026] In some implementations, the medical imaging 
arrangement 100 may also incorporate additional and dedi- 
cated computing resources, such as the one or more comput- 
ing systems 120. In this regard, each computing system 120 
may comprise suitable circuitry, interfaces, logic, and/or 
code for processing, storing, and/or communication data. 
The computing system 120 may be dedicated equipment 
configured particularly for use in conjunction with medical 
imaging, or it may be a general purpose computing system 
(e.g., personal computer, server, etc.) set up and/or config- 
ured to perform the operations described hereinafter with 
respect to the computing system 120. The computing system 
120 may be configured to support operations of the medical 
imaging systems 110, as described below. In this regard, 
various functions and/or operations may be offloaded from 
the imaging systems. This may be done to streamline and/or 
centralize certain aspects of the processing, to reduce cost- 
e.g., by obviating the need to increase processing resources 
in the imaging systems. 

[0027] The computing systems 120 may be set up and/or 
arranged for use in different ways. For example, in some 
implementations a single computing system 120 may be 
used; in other implementations multiple computing systems 
120, either configured to work together (e.g., based on dis- 
tributed-processing configuration), or separately, with each 
computing system 120 being configured to handle particular 
aspects and/or functions, and/or to process data only for par- 
ticular medical imaging systems 110. Further, in some 
implementations, the computing systems 120 may be local 
(e.g., co-located with one or more medical imaging systems 
110, such within the same facility and/or same local net- 
work); in other implementations, the computing systems 
120 may be remote and thus can only be accessed via remote 
connections (e.g., via the Internet or other available remote 
access techniques). In a particular implementation, the com- 
puting systems 120 may be configured in cloud-based man- 
ner, and may be accessed and/or used in substantially similar 
way that other cloud-based systems are accessed and used. 
[0028] Once data is generated and/or configured in the 
computing system 120, the data may be copied and/or 
loaded into the medical imaging systems 110. This may be 
done in different ways. For example, the data may be loaded 
via directed connections or links between the medical ima- 
ging systems 110 and the computing system 120. In this 
regard, communications between the different elements in 
the medical imaging arrangement 100 may be done using 
available wired and/or wireless connections, and/or in 
accordance any suitable communication (and/or network- 
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ing) standards or protocols. Alternatively, or additionally, 
the data may be loaded into the medical imaging systems 
110 indirectly. For example, the data may be stored into sui- 
table machine readable media (e.g., flash card, etc.), which 
are then used to load the data into the medical imaging sys- 
tems 110 (on-site, such as by users of the systems (e.g., ima- 
ging clinicians) or authorized personnel), or the data may be 
downloaded into local communication-capable electronic 
devices (e.g., laptops, etc.), which are then used on-site 
(e.g., by users of the systems or authorized personnel) to 
upload the data into the medical imaging systems 110, via 
direct connections (e.g., USB connector, etc.). 

[0029] In operation, the medical imaging system 110 may 
be used in generating and presenting (e.g., rendering or dis- 
playing) images during medical exams, and/or in supporting 
user input/output in conjunction therewith. The images may 
be 2D, 3D, and/or 4D images. The particular operations or 
functions performed in the medical imaging system 110 to 
facilitate the generating and/or presenting of images 
depends on the type of system—that is, the manner by 
which the data corresponding to the images is obtained 
and/or generated. For example, in ultrasound imaging, the 
data is based on emitted and echo ultrasound signals. In 
computed tomography (CT) scans based imaging, the data 
is based on emitted and captured x-rays signals. 

[0030] In various implementations in accordance with the 
present disclosure, medical imaging systems and/or archi- 
tectures (e.g., the medical imaging system 110 and/or the 
medical imaging arrangement 100 as a whole) may be con- 
figured to support implementing and utilizing medical ima- 
ging probes, particularly endocavity probes, with thermal 
improvement, particularly passive cooling. In this regard, 
as used in this disclosure, “new probes” refer to medical 
imaging probes incorporating thermal features (particularly 
passive cooling) in accordance with the disclosure whereas 
“legacy probes” refer to medical imaging probes not incor- 
porating such thermal features. Thus as used herein, legacy 
probes and new probes may be probes that are otherwise 
similar (including using the same transducer) except for 
the use (or not) of thermal improvement features, as 
described in the disclosure, therein. 

[0031] Incorporating thermal improvement features may 
be desirable. In this regard, because medical imaging probes 
come into contact with patients’ bodies in the course of 
medical imaging operations, thermal characteristics (and 
challenges relating thereto) of these probes may be pertinent 
and important consideration. The thermal characteristics 
may include or pertain to, for example, the temperature of 
the probes and any changes thereof during medical imaging 
operations. For example, heat may be generated in medical 
imaging probes during operation thereof, such as in any 
transducer(s) incorporated into the probe as transducer(s) 
are emitting imaging related signals, and/or when proces- 
sing components (if any) are operating—e.g., in conjunction 
with processing transmitted signals and captured echo 
signals. 

[0032] Because, as noted, medical imaging probes typi- 
cally may be in contact with patients’ bodies, improving 
thermal performance of the probes is desirable as it is impor- 
tant the temperature of the probes is controlled to ensure that 
it remains within acceptable range(s). This is may be parti- 
cularly the case in endocavity medical imaging probes/ 
operations, as the probes (or at least a portion thereof) may 
be inserted within a body cavity (e.g., vaginal canal), as 
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sensitivity to temperature typically would be higher in 
such cavity compared to external skin. With newer designs, 
however, controlling temperature (and particularly with 
respect to dissipation of heat) may be even more important 
of a consideration. In this regard, due to the more efficient 
design (e.g., single crystal technology than piezoelectric 
(PZT) ceramic transducer technology), higher temperatures 
may occur at the cap of probe. Such probes incorporating 
newer designs may have high margin regarding mechanical 
index (MI) and also maximum applied voltage. A big limit- 
ing factor is the maximum allowed temperature rising, 
however. 

[0033] Accordingly, medical imaging probes may incor- 
porate features for controlling and enhancing thermal per- 
formance of the probes. In particular, medical imaging 
probes based on the present disclosure may incorporate pas- 
sive cooling measures—that is, for controlling the tempera- 
ture and heat dissipation of the probes. The passive cooling 
measures may be particularly incorporated into the shafts of 
the probes. In legacy probes the shaft may not provide such 
cooling functions. For example, in various example legacy 
probes, the probe may be completely filled with oil or other 
similar sustenance which may have nearly the same thermal 
conductivity as air. In other words, example legacy probes 
may be well thermally insulated. Such thermal insulation 
may result in adverse thermal performance of the probe as 
a whole, however. In this, regard, when heat generated in the 
cap area of the probe is not allowed to dissipate through the 
shaft (that is away from the contact area with the patient’s 
body), the heat would transfer to the patient instead. Thus, to 
maintain acceptable thermal performance, the operational 
performance of the probe will need to be actively adjusted, 
which may result in reduced imaging performance. 

[0034] By using passive cooling, such as by incorporating 
passive cooling measures within the shaft, at least some of 
the heat may be dissipated away from the cap, thus allowing 
for use of more optimal (imaging wise) operation para- 
meters of the active components of the probe. In example 
new probes a new shaft design may be used, with no oil (or 
similar substance) used in the shaft (optionally with some 
oil (or similar substance) in the cap area), which additionally 
provides additional improvement in terms of weight reduc- 
tion; rather, with the shaft incorporating a design that allows 
for dissipating heat via the shaft surface. In this regard, shaft 
incorporating such enhanced design may conduct the heat 
energy away from the cap/transducer back to the shaft and 
at the end it is dissipated via the shaft surface. Example 
implementations and details related thereto are described 
with respect to FIGS. 2-7. 

[0035] FIG. 2 is a plot diagram illustrating comparisons 
between an example medical imaging probe with piezoelec- 
tric (PZT) ceramic transducer and an example medical ima- 
ging probe with single crystal transducer with respect to 
temperature, mechanical index (MI), and voltage related 
performance. Shown in FIG. 2 are plots 200, 210, and 220 
which illustrate, respectively, maximum temperature, 
Mechanical Index (MI), and voltage for medical imaging 
probes for different types of medical imaging tests (e.g., 
different types of gynecological based endocavity medical 
imaging testing). 

[0036] In particular, plot 200 illustrates the maximum 
temperature that may be reached for each of the different 
example medical imaging based tests. In this regard, as 
shown in plot 200, as with a probe with PZT ceramic trans- 
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ducer, a probe with single crystal transducer need to meet 
particular thermal performance requirements—e.g., not 
exceed predefined maximum temperature(s). For example, 
for the medical imaging tests captures in the plots of FIG. 2, 
the maximum temperature of the probe should not exceed 
~5.0° C. The thermal performance of the probes (and meet- 
ing any defined thermal requirements) may impact and/or be 
affected by other characteristics and/or performance para- 
meters of the probe, and as such these other characteristics 
and/or performance parameters may need to be controlled or 
adjusted to ensure meeting the thermal (e.g., maximum tem- 
perature) requirements of the probes. 

[0037] For example, because mechanical index (MI) and 
voltage (e.g., maximum voltage applied to its transducer) of 
the probe may have bearing on the thermal characteristics 
(and thus temperature) of the probes, these parameters may 
need to remain within limits that are ensure that the probes 
meet the thermal requirements. As shown in plots 210 and 
220, the probe with single crystal transducers(s) may be able 
to provide equal or better performance (e.g., high margins) 
with respect to the mechanical index (MI) and maximum 
voltage compared to probe with PZT ceramic transducers(s) 
within the constraints of the same maximum temperature 
permitted for various tests in which the probes may be 
used. In this regard, as illustrated in plots 210 and 220, 
with penetration mode of operation, probes with single crys- 
tal transducers may offer high margins regarding mechani- 
cal index (MI) and the maximum voltage. The voltage may 
be set higher, for example, without depolarizing the crys- 
tal(s) used in the probes, such as with the help of the DC- 
bias implementation. 

[0038] Therefore, because the primary limitation affecting 
operation of probes may be the maximum allowed tempera- 
ture rise, lowering the temperature rise as much as possible 
may allow for fully utilizing performance margins in probes 
with single crystal transducers. This may be done by incor- 
porating passive cooling features, which allow for enhanced 
dissipation of heat, and thus decreasing or slowing tempera- 
ture rise in the probe. An example implementation of such 
probe(s) with such passive cooling is shown and described 
with respect to FIGS. 3A-3C. 

[0039] FIGS. 3A-3C are block diagrams illustrating an 
example medical imaging probe with passive cooling. 
Shown in FIGS. 3A-3C is a medical imaging probe (or por- 
tion thereof) 300, which is implemented in accordance with 
the present disclosure—that is, with features for facilitating 
passive cooling, particularly in endocavity testing use cases. 
[0040] As shown in FIG. 3A, the medical imaging probe 
300 comprises a shaft 310 that incorporates various features 
for facilitating passive cooling during medical imaging 
operations. As shown in FIG. 3A, the shaft 310 has or con- 
nects to a cap (end) 320 on one side, where a transducer 330 
(or transducer array, or any suitable signal transmitting/ 
receiving component based on the medical imaging techni- 
que being used) is disposed for use in conjunction with med- 
ical imaging operations. The transducer 330 is connected to 
the remainder of the medical imaging system/arrangement 
(not shown) via a connector 340, which provide power, con- 
trol, etc. to the transducer, and is also used to receive signals, 
data, etc. from the transducer 330. 

[0041] The medical imaging probe 300 (and particularly 
the shaft 310 thereof) incorporate passive cooling design. 
In this regard, as shown in FIG. 3B, the shaft 310 may be 
have hollow design, with an external shell (e.g., of molded 
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plastic or the like) with an internal thermal body (or frame) 
312 within the shaft. The thermal body may provide framing 
and structural support to the shaft, while also providing ther- 
mal dissipation, by providing a heat dissipation path from 
the transducer end. For example, the thermal body 312 
may comprise suitable material (e.g., metal or metallic 
alloy) selected for optimal performance, thermal and non- 
thermal—that is, with desirable thermal conductivity while 
also having acceptable structural strength characteristics, 
low weight, low cost, etc. For example, in an example 
implementation, the thermal body 312 may be constructed 
from aluminum based frame, as illustrated in FIGS. 3B and 
3C. 

[0042] The external shell of the shaft may comprise a ther- 
mal tube 314 which may be in contact with the thermal body 
312, to facilitating heat dissipation via the surface of the 
shaft 310. In this regard, the thermal tube 314 may comprise 
suitable material (e.g., metal or metallic alloy) selected for 
optimal performance. For example, the thermal tube 314 
may comprise a metallic (e.g., aluminum) tube. The thermal 
tube may be molded together with the shaft in order to reach 
a higher thermal conductivity. 

[0043] Ав shown in FIG. 3C, the shaft 310 may be 
designed and implemented such that there may be a contact 
surface along the shaft 310 (or at least a portion thereof) 
between the thermal body 312 and the thermal tube 314. 
Further, in some instance, a thermal link 316 may also be 
used to secure the thermal body 312 while also providing 
additional connection to the thermal tube 314. The thermal 
link 316 (and/or the contact surface) may incorporate phase 
change thermal interface materials, for enhanced thermal 
performance. 

[0044] Accordingly, in the example implementation Ши- 
strated in FIGS. 3A-3C, the design of the shaft 310 may 
ensure that heat is dissipated from the cap/transducer side 
(left) through the shaft. 

[0045] FIG. 4 is a block diagram illustrating an example 
test setup for examining temperature rise in a medical ima- 
ging probe with passive cooling. Shown in FIG. 4 is a test 
that may be used for examining temperature rise in a medi- 
cal imaging probe 400 (or portion thereof-namely, a shaft 
410) incorporating passive cooling features as described 
herein. For example, the probe 400 may be similar to the 
probe 300, with its shaft 410 incorporating similar design 
as that of the shaft 310 as described with respect to FIGS. 
ЗА-3С. 

[0046] Ав illustrated in FIG. 4, the probe 400 may be 
placed on top of a tissue mimicking material (TMM) 430 
(or TMM phantom), with a cap 420 of the probe 400 in 
contact with the TMM 430, and the shaft 410 section 
extending horizontally from the TMM 430. Heat may then 
applied within a space containing the TMM 430 and the 
probe 400, as illustrated in FIG. 4. The heat may be 
increased, with the temperature of the probe 400 (and parti- 
cularly changes thereof) monitored and recorded. In this 
regard, the temperature may be tracked and recorded for 
different parts, such as at the cap/TMM contact area and in 
the shaft itself (or, more specifically, at the surface of the 
shaft at some distance from the cap/TMM contact area). 
Further, in some instances, radiation energy may also be 
included. Results of example tests (simulation and real 
tests) using a setup/arrangement as the one illustrated in 
FIG. 4 are described with respect to НО. 5A-7. 
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[0047] FIGS. 5A and 5B are plot diagrams illustrating 
results of example simulation and real tests for examining 
temperature rise in a medical imaging probe with passive 
cooling. Shown in FIGS. 5A and 5B are plots 500 and 510 
[0048] As shown in FIGS. 5A and 5B, plots 500 and 510 
capture data corresponding to example results of tests 
(simulation and real/measurement tests) on an example 
medical imaging probe with passive cooling in accordance 
with the present disclosure, such as using the testing setup/ 
arrangement illustrated in and described with respect to FIG. 
4. 

[0049] Illustrated in plots 500 and 510 are changes (speci- 
fically rise) in temperature (AT) in Celsius (°C) for, respec- 
tively, the cap/TMM contact area and the shaft of the probe, 
as a function of time (in minutes). As plots 500 and 510 
show, the simulation test shows almost the same tempera- 
ture rise as the measurement results based on real test(s). If 
radiation energy is also included, there may be some devia- 
tion in the maximum temperature between simulation and 
measurement. For example, the test data used in generating 
plots 500 and 510 show deviation in the maximum tempera- 
ture between simulation and measurement of approx. 
0.3° C. In this regard, the transient data shows a certain 
deviation, since the specific heat capacity is not exactly 
known for all materials. 

[0050] FIGS. 6A and 6B are plot diagrams illustrating 
comparisons between medical imaging probes with and 
without thermal improvement, using both simulation and 
real (measurement-based) tests. Shown in FIGS. 6A and 
6B are plots 600 and 610. 

[0051] As shown in FIGS. 6A and 6B, plots 600 and 610 
capture data corresponding to example results for, respec- 
tively, simulation based test and real/measurement based 
test(s), such as using the testing setup/arrangement illu- 
strated in and described with respect to FIG. 4, performed 
using example medical imaging probes with no thermal 
improvement (that is, legacy probes) and medical imaging 
probes with thermal improvement (e.g., passive cooling) in 
accordance with the present disclosure, with the testing done 
under otherwise similar operating conditions for both types 
of probes. In this regard, as noted legacy probes and new 
probes may be probes that are otherwise similar (including 
using the same transducer) except for the use (or not) of 
thermal improvement features. 

[0052] Illustrated in plots 600 and 610 are changes (speci- 
fically rise) in temperature (AT) in Celsius (°C) for the cap/ 
TMM contact area of each tested probe, as a function of time 
(in minutes). As plots 600 and 610 show, medical imaging 
probes with thermal improvement (e.g., passive cooling) 
show clear improvement compared to medical imaging 
probes without thermal improvement. For example, as illu- 
strated in plot 600, the results of simulation testing show 
that with time, medical imaging probes without thermal 
improvement have temperature rise that is higher (AT[°C] 
~1° С.). Similarly, as illustrated in plot 610, the measure- 
ment results of real tests (multiple runs) show that with 
time, medical imaging probes without thermal improvement 
have temperature rise that is higher (AT[°C] ~0.9° C.- 
1.59 С.). 

[0053] FIG. 7 is a plot diagram illustrating net gain in an 
example medical imaging probe with passive cooling. 
Shown in FIG. 7 is plot 700. 

[0054] As shown in FIG. 7, plot 700 capture data corre- 
sponding to example results of testing using a legacy probe 
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and a new probe-that is, using, respectively, an example 
medical imaging probe with no thermal improvement and 
an example medical imaging with thermal improvement 
(e.g., passive cooling)—with power adjustments during the 
test. In this regard, as noted legacy probes and new probes 
may be probes that are otherwise similar (including using 
the same transducer) except for the use (or not) of thermal 
improvement features. 

[0055] Illustrated in plot 700 are changes (specifically 
rise) in temperature (AT) in Celsius (°C) for the cap/TMM 
contact area of each tested probe (the legacy probe and the 
new probe), as a function of time (in minutes). As shown in 
plot 700, power applied to the new probe may be increased 
(e.g., by increasing voltage) because the rise of temperature 
is lower. 

[0056] For example, power may be initially increased by 
+1 dB (once the temperature at cap/TMM contact area starts 
to flatten out). This +1 dB increase in power may result in an 
increase in temperature, which may be still be small enough 
that the probe is below its maximum temperature. For exam- 
ple, as shown in plot 700, the +1 dB power increase may 
result in a temperature increase (AT) of -1.2° C. Thus, 
power may be increase again by another | dB (for total of 
+2 dB increase over initial power). 

[0057] This second power increase may result in further 
increase in temperature at the cap/TMM contact area. For 
example, as shown in plot 700, the +2 dB power increase 
may result in a further temperature increase (AT) of -2° С. 
(from the point when the second power increase 15 applied). 
This may exceed the desired maximum temperature rise. 
[0058] Nonetheless, power may to be increased by approx. 
+1.5 dB before the temperature of the new probe may reach 
the same maximum temperature as the probe without ther- 
mal improvement. Accordingly, plot 700 illustrates, new 
probes may be operated at higher power while having the 
same maximum temperature as legacy probes. 

[0059] Accordingly, implementations based on the present 
disclosure allow for enhanced thermal improvement com- 
pared to legacy solutions, by offering unique transfer of 
heat from the transducer to the outer surface of the shaft of 
the probe. In an example implementation, the shaft may be 
molded around a thermal tube (e.g., aluminum tube) in order 
to get a higher thermal conductivity. The contact surface 
between thermal body and tube will be connected via 
phase change thermal interface material. This idea could 
also be applied to other probes such as abdominal probes. 
Nonetheless, even in implementations without molded ther- 
mal tubes may yield enhanced thermal performance. The 
new probes may still be bound by the same maximum tem- 
perature rise used with legacy probes, but the new probes 
larger margins in terms of other characteristics and opera- 
tion parameters such as mechanical index (MJ) and maxi- 
mum voltage. The new probes may allow for taking advan- 
tage of newer design, such as use of single crystal. In this 
regard, thermal design in accordance with the present dis- 
closure may allow for enhanced dissipation of heat, thus 
relieving temperature hotspots on the cap, which allows 
for exploiting the full potential of the single crystal. The 
enhanced thermal performance allow for improved perfor- 
mance (e.g, using higher voltage), and improving the 
probes as a whole (e.g., by reducing weight, by elimination 
of oil or other substances that may be used in existing shaft 
designs to make them thermally insulated. Thus, solutions in 
accordance with the present disclosure may allow for 
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improved image quality, higher acoustic output at same tem- 
perature, and higher penetration depth. 

[0060] Ап example medical imaging probe, in accordance 
with the present disclosure, may be configured for use in a 
medical imaging system, with the medical imaging probe 
comprising: a transducer configured to transmit and receive 
signals based on a medical imaging technique; and a shaft 
that comprises: a thermal body frame disposed within a 
space inside the shaft; and a thermal tube disposed within 
an interior surface of the shaft; wherein: the thermal body 
frame is connected at a cap end of the shaft with the trans- 
ducer; the thermal body frame and the thermal tube config- 
ured for thermal conduction; and the thermal body frame 
and the thermal tube are arranged such that they are in con- 
tact with one another to facilitate transfer of heat from the 
transducer to an exterior surface of the shaft. 

[0061] In an example embodiment, the medical imaging 
probe is configured for use in endocavity medical imaging 
examinations. 

[0062] In an example embodiment, the thermal body 
frame comprises metal material. 

[0063] In ап example embodiment, the thermal tube com- 
prises metal material. 

[0064] In an example embodiment, the thermal body 
frame and the thermal tube comprise a same thermal con- 
duction material. 

[0065] In an example embodiment, the same thermal con- 
duction material comprises aluminum. 

[0066] Іп ап example embodiment, the shaft further com- 
prises a thermal link configured to secure the thermal body 
frame to the thermal tube, and wherein the thermal link pro- 
vide further thermal connectivity between the thermal body 
frame and the thermal tube. 

[0067] In an example embodiment, the thermal body 
frame is configured to allow passage of a connector within 
the shaft to the transducer. 

[0068] In an example embodiment, the transducer com- 
prises a single crystal transducer. 

[0069] An example shaft, in accordance with the present 
disclosure, may be configured for use in a medical imaging 
probe, with the shaft comprising: a thermal body frame dis- 
posed within a space inside the shaft; and a thermal tube 
disposed within an interior surface of the shaft; wherein: 
the thermal body frame is connected at a cap end of the 
shaft with one or more elements that generate heat during 
operation of the medical imaging probe; both of the thermal 
body frame and the thermal tube configured for thermal con- 
duction; and the thermal body frame and the thermal tube 
are arranged such that they are in contact with one another to 
facilitate transfer of heat away from the element and into an 
exterior surface of the shaft. 

[0070] In an example embodiment, the medical imaging 
probe 15 configured for use in endocavity medical imaging 
examinations. 

[0071] In an example embodiment, the thermal body 
frame comprises metal material. 

[0072] In an example embodiment, the thermal tube com- 
prises metal material. 

[0073] In an example embodiment, the thermal body 
frame and the thermal tube comprise a same thermal con- 
duction material. 

[0074] In an example embodiment, the same thermal con- 
duction material comprises aluminum. 
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[0075] In an example embodiment, the shaft further com- 
prises a thermal link configured to secure the thermal body 
frame to the thermal tube, and wherein the thermal link pro- 
vide further thermal connectivity between the thermal body 
frame and the thermal tube. 

[0076] In an example embodiment, the thermal body 
frame 1s configured to allow passage of a connector within 
the shaft to the element. 

[0077] As utilized herein the terms “circuits” and “circui- 
try" refer to physical electronic components (e.g., hardware) 
and any software and/or firmware (“code”) which may соп- 
figure the hardware, be executed by the hardware, and or 
otherwise be associated with the hardware. As used herein, 
for example, a particular processor and memory may com- 
prise a first “circuit” when executing a first one or more lines 
of code and may comprise a second "circuit" when execut- 
ing a second one or more lines of code. As utilized herein, 
"and/or" means any one or more of the items in the list 
joined by “and/or”. As an example, “x and/or y" means 
any element of the three-element set ((x), (y), (x, y)}. In 
other words, “х and/or y" means “опе or both of x and y." 
As another example, “x, y, and/or Z" means any element of 
the seven-element set ((x), (y), (2), (х,у), (х, 2), бу, 7), (x, y, 
Z)). In other words, “x, y and/or z” means “one or more of x, 
y, and z." As utilized herein, the terms “block” and “mod- 
ule" refer to functions than can be performed by one or more 
circuits. As utilized herein, the term “exemplary” means ser- 
ving as a non-limiting example, instance, or illustration. As 
utilized herein, the terms “for example” and “e.g.,” set off 
lists of one or more non-limiting examples, instances, or 
illustrations. As utilized herein, circuitry is "operable" to 
perform a function whenever the circuitry comprises the 
necessary hardware (and code, if any is necessary) to per- 
form the function, regardless of whether performance of the 
function is disabled or not enabled (e.g., by some user-con- 
figurable setting, a factory trim, etc.). 

[0078] Other embodiments of the invention may provide а 
non-transitory computer readable medium and/or storage 
medium, and/or a non-transitory machine readable medium 
and/or storage medium, having stored thereon, a machine 
code and/or a computer program having at least one code 
section executable by a machine and/or a computer, thereby 
causing the machine and/or computer to perform the pro- 
cesses as described herein. 

[0079] Accordingly, the present disclosure may be rea- 
lized in hardware, software, or a combination of hardware 
and software. The present invention may be realized in a 
centralized fashion in at least one computing system, or in 
a distributed fashion where different elements are spread 
across several interconnected computing systems. Any 
kind of computing system or other apparatus adapted for 
carrying out the methods described herein is suited. A typi- 
cal combination of hardware and software may be a general- 
purpose computing system with a program or other code 
that, when being loaded and executed, controls the comput- 
ing system such that it carries out the methods described 
herein. Another typical implementation may comprise an 
application specific integrated circuit or chip. 

[0080] Various embodiments in accordance with the pre- 
sent disclosure may also be embedded in a computer pro- 
gram product, which comprises all the features enabling 
the implementation of the methods described herein, and 
which when loaded in a computer system is able to carry 
out these methods. Computer program in the present context 
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means any expression, in any language, code or notation, of 
a set of instructions intended to cause a system having an 
information processing capability to perform a particular 
function either directly or after either or both of the follow- 
ing: a) conversion to another language, code or notation; b) 
reproduction in a different material form. 

[0081] While the present invention has been described 
with reference to certain embodiments, it will be understood 
by those skilled in the art that various changes may be made 
and equivalents may be substituted without departing from 
the scope of the present invention. In addition, many mod- 
ifications may be made to adapt a particular situation or 
material to the teachings of the present invention without 
departing from its scope. Therefore, it is intended that the 
present invention not be limited to the particular embodi- 
ment disclosed, but that the present invention will include 
all embodiments falling within the scope of the appended 
claims. 

1. A medical imaging probe configured for use ina medical 
imaging system, the medical imaging probe comprising: 

a transducer configured to transmit and receive signals 

based on a medical imaging technique; and 

a shaft that comprises: 

a shell 

a thermal body frame disposed within a space inside the 
shaft; and 

a thermal tube disposed within an interior surface of the 
shaft; wherein: 

the thermal tube comprises different material than the 
shell; 

the thermal tube is incorporated with or attached to the 
shaft; 

the thermal body frame is connected at a cap end of the 
shaft with the transducer; 

the thermal body frame and the thermal tube configured 
for thermal conduction; and 

the thermal body frame and the thermal tube are arranged 
such that they are in contact with one another to facil- 
itate transfer of heat from the transducer to an exterior 
surface of the shaft. 

2. The medical imaging probe of claim 1, wherein the med- 
ical imaging probeis configured for use in endocavity medical 
imaging examinations. 

3. The medical imaging probe of claim 1, wherein the ther- 
mal body frame comprises metal material. 

4. The medical imaging probe of claim 1, wherein the ther- 
mal tube comprises metal material. 

5. The medical imaging probe of claim 1, wherein the ther- 
mal body frame and the thermal tube comprise a same thermal 
conduction material. 

6. The medical imaging probe of claim 5, wherein the same 
thermal conduction material comprises aluminum. 
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7. The medical imaging probe of claim 1, wherein the shaft 
further comprises a thermal link configured to secure the ther- 
mal body frame to the thermal tube, and wherein the thermal 
link provides further thermal connectivity between the ther- 
mal body frame and the thermal tube. 

8. The medical imaging probe of claim 1, wherein the ther- 
mal body frame is configured to allow passage of a connector 
within the shaft to the transducer. 

9. The medical imaging probe of claim 1, wherein the trans- 
ducer comprises single crystal transducer. 

10. A shaft configured for use in a medical imaging probe, 
the shaft comprising: 

a shell; 

a thermal body frame disposed within a space inside the 

shaft; and 

a thermal tube disposed within an interior surface of the 

shaft; wherein: 

the thermal tube comprises different material than the 
shell; 

the thermal tube is incorporated with or attached to the 
shaft; 

the thermal body frame is connected at a cap end of the 
shaft with one or more elements that generate heat dur- 
ing operation of the medical imaging probe; 

both ofthe thermal body frame and the thermal tube con- 
figured for thermal conduction; and 

the thermal body frame and the thermal tube are arranged 
such that they are in contact with one another to facil- 
itate transfer of heat away from the one or more ele- 
ments and into an exterior surface of the shaft. 

11. The shaft of claim 10, wherein the medical imaging 
probe is configured for use in endocavity medical imaging 
examinations. 

12. The shaft of claim 10, wherein the thermal body frame 
comprises metal material. 

13. The shaft of claim 10, wherein the thermal tube com- 
prises metal material. 

14. The shaft of claim 10, wherein the thermal body frame 
and the thermal tube comprise a same thermal conduction 
material. 

15. The shaft of claim 14, wherein the same thermal con- 
duction material comprises aluminum. 

16. The shaft of claim 10, wherein the shaft further com- 
prises a thermal link configured to secure the thermal body 
frame to the thermal tube, and wherein the thermal link pro- 
vides further thermal connectivity between the thermal body 
frame and the thermal tube. 

17. The shaftofclaim 10, wherein the thermal body Кате is 
configured to allow passage of a connector within the shaft to 
the one or more elements. 
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